Unceasing and pervasive, techno-scientific innovation has changed the social demand for science education over the last few decades. Science education is no longer asked only to train specialists for the technical and scientific professions or for research, but strives to spread science for the citizen. The challenge is to make most people capable of seeing and understanding the impact of science and technology in everyday life, of thinking critically about them and making informed decisions. In recent decades, moreover, the frequent controversies (e.g. on genetic engineering) -as well as the string of alarming events (such as the climate change) where science and politics failed to provide decisive solutions -have stimulated lively interest in public participation in fields traditionally dominated by specialists expertise. This paper, after a brief introduction to the concept of civic scientific literacy and its recent developments, will focus on practices of deliberative democracy that allow citizens to participate directly in decision-making about socio-scientific issues. Starting from an analysis of an initiative conducted in Italian high schools, the paper discusses the contribution that introducing participatory and deliberative practices in a school setting can play in promoting scientific citizenship.
Introduction
In recent decades, there has been a growing call for more and better public knowledge of scientific issues. A large number of associations, government agencies and international organizations attach major individual and collective benefits to scientific culture (or scientific literacy, as it is also called), urging governments to take steps to promote itsee, for example, UNESCO (1983 ), National Science Foundation (1983 , Science Council of Canada (1984 ), Royal Society (1985 , American Association for the Advancement of Science (2001) 
and the European Parliament and Council of the European Union (2006).
In particular, the ability to engage in reasoned discourse about science is regarded as a prerequisite to active, informed citizenship. This was emphasized as early as 1985 in an influential report published by the Royal Society. In a vigorous effort to promote the Public Understanding of Science (PUS), the report maintained that scientific literacy is "a major element in promoting national prosperity, in raising the quality of public and private decision-making" (Royal Society, 1985, p. 9) . Recently, the European Community acknowledged that "in a knowledge society, democracy requires citizens to have a certain scientific and technical knowledge as part of their basic skills", highlighting the need "to get young boys and girls more interested in science by giving each pupil the basic knowledge they need to act as responsible citizens in the face of scientific choices" (European Commission, 2002, p. 11) .
of science and its technological applications. Science is not merely an individual activity, but a collective practice, in which competing ethics face off in concrete processes, and in specific contexts, consisting of heterogeneous actors linked by complex social relationships and interests (Bowker & Star, 1999; Mackenzie, 1996) . According to this new orientation, the lay public cannot be considered only as the recipient of information and education, but is itself a repository of forms of knowledge and understanding arising from situations and specific contexts. The "deficit" to be guarded against is thus no longer that of the public, but that of academic science, scientists and experts. The latter are considered as harboring prejudices that make them unable to communicate and build relationships based on trust and participation with the general public (Bauer et al., 2007) .
It is clear that the move from the Public Understanding of Science (PUS) model to a more inclusive Public Engagement with Science and Technology (PEST) does not stem only from debate among science communication scholars. On the one hand, in fact, it incorporates different notions of citizenship; on the other, it reflects growing tensions in the relationship between science and society. In recent decades, we have witnessed the gradual erosion of the paternalistic concept of the state as a benevolent entity capable of protecting individual and collective interests. Government authorities and the economic and intellectual elites (together with scientists or experts in various fields) have long been credited with the ability to make key decisions in the name and on behalf of the public, to protect them from the risks related to health and the environment. Now, however, citizens have shown themselves increasing able to form their own opinions on controversial socio-scientific issues, and thus feel entitled to make decisions that directly affect their lives and public goods.
This need is doubtless part of the broader crisis of the liberal model of representative democracy. But the ambivalent relationship between citizens and the world of science and scientists is also a factor. Over the past decades, the widespread conviction that science and its technological applications can bring unlimited advances in human potential and a better quality of life has been replaced by doubts and uncertainties. Although citizens still trust and hope in science's ability to address major challenges -such as the treatment of disease, the energy supply -they no longer seem willing to overlook the potential risks (radioactive, chemical and biological) that its technological applications can (or could) entail.
Public confidence has been repeatedly shaken by a series of events (such as the bovine spongiform encephalopathy epidemic or the Fukushima nuclear disaster) where science failed to give timely warning or provide decisive solutions. Frequently, citizens are also faced with controversy within the scientific community itself: on issues such as genetically modified foods or global warming, qualified scientific experts have produced conflicting evidence or proposed different interpretations of the same results (Bingle & Gaskell, 1994) . Thus, we have passed from complaints of the "public's skills deficit", to recriminations about "scientists' communication deficit". What is clearest now, however, is the "deficit of public trust in science and science policy" (Tlili & Dawson, 2010) .
Exercises in Participation
The crisis of legitimacy and trust that has recently swept through scientific institutions and policies has called the mechanisms of delegation typical of representative democracy into question, shifting the emphasis to practices that permit citizens to participate directly in decision-making.
Over the past decades, several well-known episodes -repeatedly mentioned in the literature on the subject -have highlighted the importance of lay expertise in policy decisions regarding health and the environment. The most famous of these is probably the case of radioactive fallout in the English region of Cumbria, following the accident at the Chernobyl nuclear reactor in 1986. The sheep farmers of the area proved to know more about local soil composition and grazing habits than the experts sent by the government to gauge the level of cesium contamination and decide whether to restrict the meat trade (Wynne, 1996) . Following such episodes, there has been a growing interest in practices inspired by the theories of deliberative democracy (Habermas, 1997; Rawls, 1993; Dryzek, 2000) that provide citizens with opportunities to make proposals that can be considered by the institutions (Wilsdon & Willis, 2004) .
For socio-scientific issues in particular, a number of deliberative practices have been tried, including "round tables", "citizens' conferences", "planning cells", "future search conferences", "citizens' juries", "voting conferences" and "scenario workshops". But the citizen participation model which is most widely cited and has inspired the largest number of initiatives is the so-called "Danish consensus conference model". This practice was instituted in the 1980's by the Danish Board of Technology, which created a panel of citizens tasked with making recommendations to the nation's Parliament. Gaining favor, the "consensus conference" model was soon applied to discuss a wide range of issues around the world: genetically modified foods in France (1998) , the future of transportation in Israel (2000) , cloning in South Korea (1999 Korea ( ), genetic testing (2001 in Germany. This model involves dialog -usually open to anyone who wishes to take part -between citizens, experts, and representatives of the media and the political world, on a controversial scientific or technological topic. A group of citizens (the "citizen panel" or "lay panel") are introduced to the topic under discussion and provided with basic information. They then formulate questions to a group of scientists or technicians (the "expert panel") and discuss the most controversial aspects with them. At the end of the discussion, the citizens' group produces a final document, presenting its conclusions and recommendations. The final document is thus an expression of the extent to which the panel can reach consensus. Supervision by an "advisory" or "planning committee" ensures that the all the rules of a democratic, fair and transparent process are followed. A facilitator is present throughout the process to put people at their ease and encourage them to work together, focusing attention on key questions and moderating the debate (Andersen & Jaeger, 1999) . The "consensus conference" is thus a transparent and documented process, which takes place according to pre-established steps, and in which experts and the lay panel have clearly defined roles in relation to each other.
Though public deliberation processes are very popular since they emphasize dialog and participation, they can be problematic in terms of appropriateness and effectiveness. As can be seen from the literature, four issues are particularly critical.
First, the knowledge and skills required for a successful public debate are usually very complex and not readily come by. Often the available information is incomplete and the sources are in conflict with each other. Not only, but as Bingle & Gaskell (1994) have pointed out, techno-scientific disputes are often based on assertions and not on facts. It is thus difficult for the lay person to determine which information is relevant and can be relied on in the decision-making process.
Second, it is clear that the "public interests" defended by deliberative democracy initiatives are abstract entities (Burgess, 2014) . Frequently, the people participating in PEST events are drawn from particular categories who are directly involved in the issue under discussion. For example, they may be residents of a particular area, people in a given profession, or members of special interest groups. Past experience has shown that the lay panel thus often consists of individuals who are already very aware of the problem. However, panel membership is not only the result of self-nomination by certain interested individuals, but also of the self-exclusion of others. The latter are often less educated individuals or belong to minority groups. Consequently, assuming that participants in deliberative processes are in any way representative of the general population is, to say the least, naï ve. Nor must we forget that many disputes have very broad boundaries for representation. As Jasanoff (2004) appropriately asks: should citizens who are called upon to express views on issues such as global warming or acid rain be selected on a regional, national or global basis?
The third critical element is highlighted by the observations of numerous authors, who point out that even in initiatives that purport to promote public engagement with science, there is no lack of technocratic arrogance on the part of scientific and political elites. Goven (2003) has explored the use of the consensus conference in New Zealand, and he argued that the participants attempting to problematize the socio-technical issues were constrained by the "dominant frame of scientific and economic rationality" (p. 437). Earlier, Dunkerley & Glasner (1998) and Irwin (2001) also noted particular problems with the dominance of technocratic frames.
Finally, the fourth critical element regards the intrinsic futility of attempting to involve fictitiously (or symbolically) the public in scientific issues through dialog or any other means (Wynne, 2006) . It is widely held that the consensus conference, like other practices of deliberative democracy, is in fact little more than an attempt to artificially restore trust between citizens, scientists and public institutions, but with few practical consequences. Horlick-Jones et al. (2007) , following a systematic analysis of many such experiences, conclude that it is often not at all clear how politicians will use the results of the dialog process and, above all, it is not clear how much weight they will have in policy decisions. There is thus a risk that the practices of deliberative democracy will become exciting but largely inconclusive exercises, in which citizens' actual involvement is marginal and institutional actors forgo none of their decision-making prerogatives.
Assigning simple labels to the four points made above, I can summarize by saying that "inadequate knowledge", "selective representation", "techno-scientific dominance" and "substantial inconclusiveness" are the main shortcomings of these attempts to put deliberative democracy into practice. But this is not to suggest that the imperfections and weaknesses in public participation initiatives for decisions about scientific policy are reason to abandon them. Rather, citizens' growing demand for scientific information and participation in decision-making suggests that more effort should be made to improve and disseminate them.
The Role of the School
The acknowledged importance of science education in creating active, informed citizenship is explicitly expressed since decades in the guidelines for school programs. At the end of the Eighties, the UK's National Curriculum Council declared that: "Appreciating the contribution science makes to society will encourage pupils to develop a sense of their responsibilities as members of society and of the contributions they can make to it" (National Curriculum Council, 1989, p. 5). Even organizations such as the American Association for the Advancement of Science (1989) and the National Research Council (1996) in their education proposals recognized the crucial role of schooling in preparing students for decision-making on socio-scientific issues. The link between scientific competence and the exercise of citizenship is now so widely accepted that the two concepts are inextricably combined in the definition of scientific literacy proposed by the PISA (Programme for International Student Assessment) survey of student skills: "Scientific literacy is the ability to engage with science-related issues [...] as a reflective citizen" (OECD, 2013, p. 7).
CSL quickly became an important educational goal. It does not seem too much to say that science teaching is a vehicle for implicit values that can help form active citizenship. The purpose of science education is not only to provide the concepts, theories and terms for understanding scientific issues. It also serves to contribute to developing a special "way of knowing" centering on observation, analyzing the influences of factors, looking for empirical evidence and generative mechanisms, and systematic doubt. These lessons can contribute to forming future citizens who are aware, involved and critically-minded.
Schools, institutionally charged with the responsibility for science education and building CSL, have not always risen to this challenge. Often, the approach that prevails in the classroom is that of deductive teaching, based entirely on presenting concepts and theories through examples, illustrations and exercises. This is not surprising: in formal education settings, the method -based on systematic, sequential transmission of theoretical knowledge, patterns of thinking and technical skills -still predominates. The "deficit model" is not only the basis for most teaching, but also for much of the teacher-student relationship and the school organization itself. It seems that the failure to stimulate classroom discussion can be attributed in particular to the science curriculum. And teachers, in turn, do not encourage skepticism. Kolstø observes that in Norway -but the same could be said of other countries -"science teaching in schools traditionally has been, and still is, authoritarian", and he adds, "what should the students be critical about? The law of ideal gases? The conservation of energy?" (Kolstø, 2000, p. 648) . By contrast, Sadler (2010, p. 761) states, and I fully agree with him, that "science curriculum offers ample opportunities for engaging students in discussion of controversial issues". What is important is to know how to seize them. With the changing social demand for science education, notional and decontextualized teaching is no longer adequate. Teaching divorced from contemporary social issues can "help students to participate intelligently in making political decisions involving science and technology?" (AAAS, 1989, p. xix-xx) . Science and technology are pervasive in contemporary society, requiring science education not only to prepare individuals for technical professions or research, but also to build active citizenship. To empower students as citizens, there is a need to emphasize science as a social practice which is closely linked to its economic and cultural context, thus recognizing the human character of science, its values and its limits.
One of the major forces behind the call for regenerating science education programs was a new academic field developed between the Seventies and Eighties, called Science-Technology-Society, or STS. It is an interdisciplinary and holistic domain whose central focus is 'the analysis and explication of science and technology as complex "social constructs" entailing cultural, political, economic, and general theoretical questions' (Cutcliffe, 1996, p. 291) . STS suggests that science teaching should not only consider the traditional disciplines, but should also draw on the stimuli arising from everyday life (sports, diet, communication, security) . Studying science in its social and cultural context makes it possible to take students' needs, expectations and stock of knowledge into account, encouraging them to examine and discuss techno-scientific issues -from urban pollution to genetic modification, and from the production of nuclear energy to the use of stem cells -and thus learn science by dealing with problems.
STS requires a complete rethinking of traditional teaching, but the benefits of adopting this perspective seem undeniable. They consist mainly in the greater interest shown by the students towards science (Bennett et al., 2007) , better results in terms of learning and understanding scientific topics (Lubben et al., 2005; Bennett et al., 2007) , and the maturation of critical thinking and social responsibility (Gilbert, 2006; Ryder, 2002) . Ultimately, the purpose of STS programs is to help students make sense out of their everyday experiences by integrating their personal understandings of the natural, social, cultural and technological environments around them (Aikenhead, 2002 ).
However, it should be noted that, despite the widespread appreciation that has greeted the STS, it has never been taken as the main paradigm for science teaching. Indeed, in the opinion of Gaskell (2001) , Aikenhead (2003) and Turner (2008) , it has never actually become part of usual school practice. Thus, the STS approach has generally not gone beyond rhetoric: its principles are touted in schools' syllabi or teaching programs, but seldom implemented. In fact, a certain numbers of headmasters and teachers have opposed the paradigm shift to STS. Some, in all probability, so as not to have to adapt to a new, more dynamic and more complex, way of teaching. Others may not have felt adequately trained and supported. And some have expressed concern that the STS programs do not prepare students for "real science". This alarm was shared by Shamos, who feared that schools, "dominated by the social science community" (Shamos, 1995, p. 67) , could become a vehicle for anti-science and Luddism. From this standpoint, teachers' unwillingness and their partiality for the traditional curriculum stem mainly from how they have been socialized into education: loyalty to their own academic community, and its myths, is reflected by a preference for an abstract and decontextualized science (Davis, 2003) . However, more frequently, teachers do not have the possibility to set up STS programs due to specific school conditions that restrict their field of action.
Even among the most ardent supporters of the STS strand, there are those who warn against the risk that attention could focus on domains that are completely different from those of science, such as law, economics, religion and politics. These arguments point to another fear, particularly widespread in certain intellectual and institutional circles: that the spread of the STS approach might encourage excessive political activism among students and strident social criticism.
Nevertheless, recent decades have seen several educational programs inspired by approaches which emphasize putting science in context and promoting links between science, technology and society. They have entailed a real renegotiation of the culture of science teaching, proposing new content as well as new classroom materials. Among the most significant experiences we remember, for example, the initiatives promoted by the socio-scientific issues movement that offers a way to explore the nature of science and the relationship between science and society dealing with contemporary socio-scientific controversies (Driver et al., 2000; Kolstø, 2001; Sadler et al., 2004; Albe, 2008) .
In line with these approaches there is Scienza Attiva, a project that attempts to achieve the same goals using the practices of deliberative democracy, such as the consensus conferences discussed above. Scienza Attiva has been carried out in Italian secondary schools for over seven years and draws on the principles of participatory democracy to prepare future citizens by building civic scientific literacy.
A Case Study
Scienza Attiva is a national project designed and conducted by Agorà Scienza, an Inter-University Center whose partners include all the universities in Piedmont (Italy). Its subtitle, "Young People and Participatory Science", draws attention to its goal of engaging students in the discussion of current scientific topics of significant social relevance. Drawing its inspiration from the "consensus conference" model, Scienza Attiva consists of a dialog between students and experts and a deliberative process regarding selected socio-scientific issues.
The project, which lasts for almost the entire school year (roughly from November to April) consists of four phases, respectively called "Prior knowledge", "Information", "Dialog" and "Final proposals". These steps take place in succession according to a clearly defined schedule with specified start and end dates.
-In the first stage, students speak freely, expressing the knowledge they already have about the topic under discussion. Prior knowledge, once activated and enhanced, is the starting point for producing further and more extensive knowledge. In the Scienza Attiva project, this knowledge is mobilized by choosing themes from current events or issues close to the students' own experience (for example, air pollution or energy production and consumption).
-The second stage fulfills a training/information purpose: students learn the topic being discussed by viewing ad hoc material prepared by scientists (in different levels of detail and therefore different levels of difficulty), or from other sources of their choice.
-The third phase is based on dialog: students and scientists interact without filters or mediation through an exchange of questions and answers.
-The fourth stage is the final one; on the basis of lessons learned from the documents, critical reflection and exchange of dialog, the classes -in an exercise in deliberative democracy -prepare scenarios and/or make suggestions. During a final live event open to all classes participating in the project, a synthesis of all the proposals is achieved, and a concluding document is submitted to the participating scientists and institutions.
Scienza Attiva shows unquestionable affinities with the "consensus conferences". There are clear correspondences in the fundamental principles: the focus on a specific topic, the debate between experts and the lay panel, the process's division into distinct, predetermined steps, its public dimension and documented traceability, and the final deliberation. There are also a number of similarities from the purely practical standpoint. The Agorà Scienza Interuniversity Center fulfills the role of "project management": the team manages and organizes the project and this includes financing the project, choosing the topics for discussion, recruiting the lay panel, providing practical assistance, maintaining the website, finding venues for live events, and ensuring that the final document is disseminated. The teachers act as "facilitators": their task is to ensure that their classes engage in fruitful debate in which all opinions can be freely expressed without being quashed by those students who tend to dominate. To prepare teachers for their role as facilitators -an unusual one for them -a training meeting (which is also available on streaming video) with a professional facilitator takes place at the beginning of the project. During this meeting, the method and purpose of the deliberative practices are illustrated, and simulations are carried out. This professional facilitator is a full member of the panel of experts involved in Scienza Attiva, and thus advises teachers who request assistance for the entire duration of the project.
This undeniably ambitious project could be conducted on a large (national) scale thanks to a combination of two spaces. The first is a physical space composed by the school facilities -classrooms, laboratories, computer rooms -where students and teachers examine documents, discuss and draw up scenarios about the proposed themes. The second is a virtual space, afforded by the website www.scienzattiva.eu.
In addition to being a storehouse and archive of educational materials illustrating the topics covered by the project, the Scienza Attiva website is a true workspace. It provides sharing tools that use the type of interaction typical of social networks to facilitate the exchange of information. The site includes "class notice board" and "public notice board" web pages where students can post documents respectively for internal use or targeted to the whole Scienza Attiva community, as well as special sections with videos in which scientists present their work and answer the questions put to them.
Method and Results
The complexity of Scienza Attiva makes evaluating its results particularly difficult. In fact, the project involves a plurality of actors (students, teachers, scientists), includes a range of different activities, and uses both live and virtual methods. It has also grown significantly over the years: what started as a regional program involving a hundred-odd students is now nationwide in scope, with several thousand participants. This change led to a rethinking of how to assess the project's achievements, starting a pilot evaluation process which is still under way. In the first years, Scienza Attiva was evaluated by administering two questionnaires to students attending the final live event: one before the event and one at the end of the event. The main purpose was to detect any changes of opinion about each socio-scientific issue debated during the project. Pre and post-event questionnaires asked participants to indicate the extent to which they agreed with the main points raised, choosing from the following options: "Not at all", "A little", "Quite a bit", "Very much", "Don't know". Changing from "Not at all" to "A little" and from "Quite a bit" to "Very much" was interpreted as a change in intensity, i.e., the respondent's opinion per se has not changed, but has weakened or been given more emphasis. Shifting from "Not at all" to "Quite a bit", by contrast, is a change of opinion, and these cases were thus labeled as "change of position" (from agreement to disagreement or vice versa). Lastly, going from "Don't know" to any other response option was considered as a move from uncertainty to certainty, and in the opposite case, from certainty to uncertainty. The answers provided by students to the pre-and post-event questionnaires showed that opinions changed significantly after face-to-face discussion of certain issues. For example, the first time the project was held -in the 2008-2009 academic year, with 119 students participating -it was observed that 39% of the students had a "change of position" after the debate about "the civil use of nuclear energy", while 4% had a "change of intensity", 9% went from certainty to uncertainty, 4% from uncertainty to certainty, and 43% did not change opinion. After the debate about "expanding restricted traffic areas to solve the problem of air pollution", 32% of the students had a "change of position", 27% a "change in intensity", and 41% did not change opinion (Agnella et al., 2015) . Obviously, Scienza Attiva's purpose is not to manipulate individual preferences, but to raise awareness about socio-scientific issues, stimulating dialog and democratic debate. From this point of view, the change in opinions -or the change in their intensity -testifies to the effectiveness of the deliberative process: after students were informed and participated in the discussion, their opinions are different from those they expressed earlier (Fishkin, 2009 ).
Over the years, the growing number of students, teachers and scientists participating in Scienza Attiva and the project's nationwide spread has increased the importance of the project's online platform. It thus became necessary to ensure that the project was not assessed only on the basis of the final live event, as the small proportion of students taking part could no longer be considered as representative. An even more urgent need, given the Scienza Attiva project's aims and methods, was to introduce a form of "participatory evaluation", or in other words, a process whereby social actors involved in the program could become active participants and beneficiaries of the assessment. This type of evaluation, developed together with researchers at the University of Turin, led to the use of mixed techniques, such as questionnaires for students, participant and non-participant observation of classroom work, and in-depth interviews with teachers and with scientists. The aims were manifold, and included identifying the motivations of different actors (students, teachers, scientists) for participating in an extra-curricular initiative, gathering opinions about the project, and estimating the overall degree of satisfaction at the end of the project.
In the following paragraphs, I will focus only on a few considerations regarding student participation of the Scienza Attiva session (academic year 2013-2014) -for considerations regarding other aspects or actors of project, see Cornali (2015) and Agnella et al. (2015) .
In the 2013-2014 school year, a large number of students and teachers from upper secondary schools throughout Italy participated together with scientists in the Scienza Attiva project, dealing with the following socio-scientific issues: stem cells, nanotechnology and energy. The project -which lasted six months and included three live events with students, teachers and scientists from all over Italy -involved 4,224 students, 200 teachers and 49 scientists. Platform activity logs testify to the lively interactions between students and students and between students and scientists during the Scienza Attiva initiative. In fact, during that edition, 1,060 posts, 273 scientific documents, 180 questions addressed to scientists, 144 answers sent to students and 111 student proposals and recommendations to scientists and policy makers have been published on the web platform.
The study sought in particular to obtain information in two different domains: 1) students' opinions about the Scienza Attiva project, both with regard to several substantive aspects -such as the objectives pursued and the method usedand as regards certain more practical aspects, such as the website's usability, how the different stages were organized and scheduled, and so forth; 2) students' opinions about the world of science and scientists, and the relationship between science and society.
For this reason, all students were asked at the end of the Scienza Attiva session to answer an anonymous semi-structured questionnaire -containing both open-ended and closed ended questions -administrated electronically.
As was expected from the fact that filling in the questionnaire was entirely voluntary, the response rate was quite low, with a total of 449 completed questionnaires. Although the researchers considered making the questionnaire mandatory, the Scienza Attiva team thought this was not appropriate because it would create an additional burden for the students, thus resulting in resentment. Since the sample was self-selected, the only substantive conclusions that can be made are obviously purely exploratory. So, although the results may not be generalizable nevertheless, they offer some interesting insights. In general, it can be said that the responses provided by the students -consisting of a majority of females (52.1%), mean age 17.4 years, resident in Northern Italy (62.3% versus 20.6% residing in Central Italy and 17.1% living in the South and Islands) and attending a science or technology-oriented high school (63.7%) -point to a certain ambivalence and indecision regarding a number of sensitive issues, as well as some unexpected results.
This was clear in the first area investigated, opinions about the Scienza Attiva project, where students' answers were surprising and sometimes contradictory. The majority of respondents (59.9%) said they agreed strongly or somewhat with the statement "With Scienza Attiva I had fun when dealing with scientific problems" (4 or 5 on a 5-point scale) and appreciated (65.7%) the web platform made available to them, judging it to be "easy and effective". More important, 68.8% of students agreed or agreed strongly with the statement: "Participating in the Scienza Attiva project increased my capacity for reflection on scientific problems". These appreciations of the project seem to recognize the usefulness of discussing socio-scientific issues in the formal education setting. It is thus surprising that, at the same time, the majority of students agree with the statement "In order to achieve a good level of scientific competence and a critical knowledge, well-designed curricula, good teachers and intensive individual study are more useful than projects of this kind" (51% of the students agree very much or somewhat, as against 42.6% who disagree strongly or to some extent). Unexpectedly, furthermore, students showed greater interest in analyzing the documents provided by the scientists (a stage that 52.5% of respondents rated as very interesting or extremely interesting) than in on-line dialog with them (rated as very interesting or extremely interesting by 41.8% of respondents). These results could suggest that young people prefer well-established traditional methods ("Information" stage) to innovative and unusual proposals ("Dialog" stage). However, this interpretation of students as predominately conservative in attitude and disinclined for greater direct involvement is belied by their preference for the "Final proposals" stage, by far their favorite (rated as very interesting or extremely interesting by 63.2% of respondents).
The highly contrasting opinions that were collected show that STS programs such as Scienza Attiva are difficult to integrate in a school environment where traditional teaching methods prevail. This would also appear to be confirmed by the comments volunteered by several students:
Scienza Attiva is an interesting experience, but if you can't fit it in with your ordinary school commitments, it's just a burden and not a useful source of learning (St. 440).
Scienza Attiva in my opinion is a pretty useless project because it doesn't give you much knowledge unless you do individual research, and you don't need this whole portal to do that. It also robs precious hours from your lesson time, and does not make school life any easier. In fact it makes it worse [...], because students are questioned on topics that they've barely covered, since they don't know what to study (St. 238).
A waste of time, might as well read a scientific journal (St. 147).
From these comments emerges a stronger need and demand for training and education than participation and. This need probably is emphasized by the school setting in which the project takes place, but this does not reduce the interest in discussing thorny techno-scientific problems or involvement in participative decision-making. Thus students seem to oscillate between the appeal of the familiar ways of conveying knowledge and the need to be active participants.
Although it was not easy to devote your time entirely to Scienza Attiva because of other school activities, the project has provided us with knowledge and information that we will be glad to have in the future, and has increased our ability to work in groups and to listen (St. 108).
It was certainly important to have a way to exchange ideas with other kids and schools throughout Italy and certainly to have closer contact with experts and scientists (St. 43).
I liked the fact that the project had students participate directly, so that they had an opportunity to hold debates and discussions with each other to reach a consensus. I also appreciate the role that the teacher had during the entire project, i.e., as a supervisor and mediator, not a "professor" (St. 106).
Direct interaction with experts is challenging and interesting (St. 369).
Lastly, a few words are about the second area of interest, namely the students' opinions about the world of science and scientists, and the relationship between science and society. In this area as in the previous, conflicting views emerged. Although the phase of dialog with scientists was not the one preferred by students, it seems to have been positive since more than half of the students (52.8%) said that participating in Scienza Attiva increased their awareness that "Dialog with scientists is possible". Despite this appreciation, a certain distrust of scientists was found: less than half of the students (41%) believe that "Scientists are neutral and objective", while only 14% think that "Scientists inform the public enough". Several studies (see, for example, Hansen et al., 2003) have shown that, especially in cases of scientific controversies, it is not the generalized trust in science that is be questioned, but rather the trustworthiness of some of the scientific community's members. This finding is confirmed by the students participating in Scienza Attiva, who express reservations about scientists but agree in having considerable confidence in science, its fairness and the benefits of its applications. Thus, 85.2% agree with the statement "Advances in science and technology usually produce benefits to society", and 74.3% with the statement "Science and technology are always neutral: it is the use to which they are put that makes them good or bad". But this is only a partial confirmation, because students' opinions about science are divided -as were their opinions about scientists. In particular, respondents are strikingly divided regarding the statement "Contemporary science threatens fundamental values (e.g., the sacredness of human life and nature)": 32.9% of students agree, 26.1 % are uncertain and 34.5% disagree. The Scienza Attiva project aims at overcoming the opposing narratives of "blind fear" or "unconditional hope" in science, inviting students to enter into the merits of scientific and technological issues and look at them from several angles. It seems clear, however, that when it comes to "non-negotiable values", reconciling divergent opinions is particularly arduous. For this reason, efforts to introduce in schools the discussion and analysis of controversial socio-scientific issues which set different values, beliefs and opinions against each other would appear to be particularly useful (see, in this regard, Albe, 2008) . These experiences can undoubtedly be considered an important part of the so-called 'science education for citizenship ', or, as Kolstø (2008) put it, the kind of scientific education that aims 'at preparing students for active, informed, critical and responsible participation in situations where insights into different aspects of science might improve the quality of students' participation' (p. 978).
Discussion
The interest sparked by the Scienza Attiva project is demonstrated by the growing number of schools that participate in the initiative each year, as well as by international prizes it has received (i.g. EngageU Award in the European Competition for Best Innovations in University Outreach and Public Engagements). Obviously, there are also a number of problems. For an analytical examination of the critical aspects, it can be useful establish how many of them depend on the usual procedures followed in deliberative processes, and how many in fact depend on the project's specific characteristics.
The first category, namely the critical aspects of the "consensus conference" model, includes the shortcomings I labeled above as "inadequate knowledge", "selective representation", "techno-scientific dominance" and "substantial inconclusiveness".
The problem of "inadequate knowledge" does not appear to affect the project, except to the extent that any cognitive process is necessarily imperfect and incomplete, and this is all the truer of controversial issues. In fact Scienza Attiva devotes particular attention to the training/education stage: the documents (text files and videos) available to students offer complete and detailed information. Moreover -and this is something that makes the project, if not perhaps unique, at least very rare -students have a chance to discuss issues with scientists who are among Italy's leading experts.
The problem of "selective representation" is, by contrast, quite relevant. Scienza Attiva is aimed at a specific category of young people, i.e., students, whom it can be assumed are particularly interested in analyzing and solving problems. Since the topics covered by the project concern techno-science, the participating schools are mainly science-oriented and technical high schools ("liceo scientifico" or "istituto tecnico"), whose students have a positive attitude towards science: though they may not regard themselves as entirely competent in the subject, they are at least attracted. Not only, but since Scienza Attiva is an extra-curricular elective project, it is likely that the schools that participate are among the best, where the most motivated teachers work and which can offer their students -attentive, highly engaged young people -an additional activity. Together, these features paint a picture of the Scienza Attiva participants as members of "scholastic elite".
"Techno-scientific dominance", which many authors see as affecting "consensus conferences", also seems to emerge in Scienza Attiva. As just mentioned, the participating students attend science-oriented schools, and the educators who accompany them in this project are mainly teachers of mathematics, physics or biology. Even the experts who contribute to the discussion are mostly from the hard sciences (the most recent panel included only a couple of specialists in public communication and one ethicist). As the stated aims of Scienza Attiva are to make participants more aware of the controversial aspects and the social impact of a techno-scientific issue, and develop their capacity for critical thinking, it would probably be better to involve a larger number of social scientists and stakeholders (e.g., representatives of citizen's, groups, the business community, etc.).
The fourth problem, "substantial inconclusiveness", does not seem to be relevant to an assessment of the Scienza Attiva project. However motivated, informed and interested the students may be, the project neither claims nor expects that they can make a substantial contribution to widely debated technical and scientific controversies. Though the students' proposals are sent to the scientists with whom they have interacted and to representatives of several national and local institutions (including the Ministry of Education and the provincial administration), their value lies entirely in providing testimony. However, we should ask ourselves whether the students' perception that the whole process will be little more than a kind of simulation increases or detracts from their confidence in the practices of deliberative democracy.
Moving on from the problems typical of "consensus conferences" to the critical aspects of the project itself, the main problem that emerges is the high drop-out rate. In fact, only about half of the classes who enroll actually conclude the project. There can be many reasons for this: the project may turn out to be more difficult and challenging than teachers had expected, or difficulties may arise in the classroom (falling behind in the curriculum, loss of motivation) that impede its continuation. Other problems can result from misunderstanding, misrepresenting (or distorting) the project's goals: teachers (because of their role and their background) may put more emphasis on the didactic aspects than on active participation, discussion and deliberation. In some cases, this kind of misapprehension has even led teachers to grade the work done by students during Scienza Attiva. One of the factors that may contribute to a failure to understand the project's actual purpose is that this initiative is often the only one of its kind in an otherwise highly traditional educational setting where students are not particularly encouraged to take part in discussions of controversial issues, much less to be involved in formulating concrete proposals.
So can it be said that participating in the Scienza Attiva project in some way contributed to building better CSL among young people? As mentioned earlier, the project evaluation program was purely exploratory, so it does not allow us to draw substantive and generalizable conclusions. The data collected, however, were useful in identifying trends and hitherto unknown aspects which deserve further scrutiny. The picture that emerges is one of bright spots and shadows.
While showing appreciation for the initiative -expressing, for example, positive opinions on the quality of classroom interaction and satisfaction with the answers given by the scientists -only 38.5% of students said that participating in Scienza Attiva made them more aware of the fact that "Having a good level of scientific knowledge improves the ability to exercise informed citizenship".
The effects of introducing practices of deliberative democracy in schooling are hard to gauge. Does participating as a student in a consensus conference, a citizens' jury, or a scenario workshop predict future involvement in discursive and informed interaction between citizens or other forms of civic activism? It is difficult to say: this is a question that must be judged in the long term. But according to the students' statements, the answer might be yes. Indeed, 59.4% of the students answered in the affirmative when asked "Would you be interested in participating in the project again, with other scientific issues?" (18.9% were uncertain and 12% said no), demonstrating their regard for these practices.
Of course, this is not sufficient to conclude that in the near future they will engage in practices of deliberative democracy and exert active, informed citizenship. It thus seems preferable to look at the more immediate benefits of participatory exercises at school. The first such benefits that can be observed are cognitive. To use the categories proposed by Powell and Kleinman (2008) about the virtues of the consensus conference model, it can be said that Scienza Attiva gave students an opportunity to acquire new knowledge about: 1) science and technology; 2) social, cultural, institutional and economic aspects of science knowledge; 3) principles, functions, purposes and practices of democratic deliberation (in this case, the "consensus conference" model). Gains in knowledge were not the only benefits: arguably participating in Scienza Attiva stimulated and activated social skills such as the ability to listen, cooperative work and capacities needed to engage in debate about scientific and technological matters.
Conclusion
The most evident manifestation of the shift in science communication from the "deficit model" to the "dialog model" is the proliferation of initiatives centering on participation and public deliberation about technological and scientific issues. Although these processes have been welcomed for the positive values they convey (dialog, constructive discussion, mediation), doubt has been cast on their representativeness, articulation, impacts and outcomes. Reactions have thus been mixed: growing expectations on the one hand, some rather substantial doubts on the other. Questions about the usefulness and advisability of engagement practices are all the more likely to arise when these practices are offered in a school setting. What are the specific contributions provided to the achievement of educational purposes? Are goals of deliberative practices actually achievable at school and with students?
This is relevant question. And science is now so pervasive, and technological innovations come at such a breakneck pace, that the task of science education is more complex than ever before. The challenge now is to make most people capable of seeing and understanding the impact of science and technology in everyday life, of thinking critically about them, participating in discussions and making informed decisions. A full forty years ago, Gallagher noted that "For future citizens in a democratic society, understanding the interrelationships of science, technology and society may be as important as understanding the concepts and processes of science" (Gallagher, 1971, p. 337) . Consequently, an important challenge for science education is to find the most effective ways to support students' critical examination of scientific arguments. Introducing practices inspired by public deliberation in the formal education setting could be an answer to this need, as they provide students with grounding in scientific issues while encouraging active participation in debate about controversial topics. Building widespread CSL is a complex process, and the Scienza Attiva experience shows that the benefits of participatory practices in school can be appreciated only in a rather broad timespan. But if the hoped-for results are to be achieved, these initiatives should be expanded in other levels and sectors of education, rather than being reduced to the level of extra or occasional events that depend on the personal involvement and dedication of individual teachers or the efforts of a few centers of scientific culture, as was the case of Scienza Attiva. Lastly, far more should be done to involve students from minority groups, who are generally less active in exercising their citizenship.
